Introduction
It is well known that nonalcoholic fatty liver disease NAFLD is a public health problem, especially in developed countries, and has increased at an alarming rate in recent years. NAFLD results from an imbalance between energy intake and energy expenditure. NAFLD generally accompanies serious triacylglycerol TG accumulation within the liver cells, and it may cause liver damage, ranging from hepatic steatosis to steatohepatitis, liver fibrosis, and cirrhosis. In fundamental studies, we have shown that the Bunashimeji has slowed weight gain and suppressed hepatic TG accumulation in animals that consume a high-fat diet .
However, further detailed studies must be conducted in various animal models. For example, in certain rodents, the intake of a high-fat diet or an OA diet was shown to generally cause obesity. The present study was carried out to investigate whether Bunashimeji is effective in various animal models, excluding those of a high-fat diet.
Orotic acid OA , a precursor in pyrimidine nucleotide biosynthesis, is found in large quantities in cow s milk , .
OA is known to induce a specific defect in the secretion of very low density lipoprotein, specifically in rodents In the present study, we showed, analyzed, and described a marked suppressive action of Bunashimeji on triacylglycerol accumulation in the livers of the rats administered orotic acid. These findings may provide clues that will lead to further elucidation of the biological mechanisms of edible mushrooms.
Material and Methods

1. Mushroom powder
Using an automatic air-drying apparatus, Bunashimeji fruit bodies were air-dried for h by maintaining the temperature between and . Dry powder of Bunashimeji fruit bodies were provided by the Mie Prefecture Forestry Research Institute Mie, Japan .
Animals and diets
Three-week-old male Sprague -Dauley SD rats weighting g were obtained from Japan SLC Hamamatsu, Japan . They were housed individually in stainless steel wire cages in a room maintained at with a -h light-dark cycle light period: : : and fed a commercial diet Type MF, Oriental Yeast Co. . After days of acclimation, the rats were divided into groups with the same mean body weights and were freely fed the fol- 
4. Tissue sampling and hepatic lipid analytical method
After the abdominal withdrawal of blood, the whole liver and perirenal adipose tissue were quickly removed, rinsed in ice-cold saline, blotted on filter paper, and weighed. Hepatic total lipid was extracted by the method of Folch et al .
Hepatic TG, TC, and PL were determined by using the same commercial analytical kits as those used for the blood lipid analyses.
5. Fecal sampling and analytical method
Fecal samples were collected times on a per-cage basis for h after weeks of feeding, and stored at until analysis. These samples were freeze-dried, ground, and then analyzed for bile acids, according to the procedure described by Eaton and Klaassen .
6. Northern blot analysis
The rat acetyl CoA carboxylase ACC probe was a gift from Dr. T. Ide National Food Research Institute, Japan . Food intake in the group fed Buna was significantly lower than that in the group fed control, but no significant difference was observed in food intake between OA control and OA Buna groups. The body weight in rats fed OA Buna was significantly higher than that of rats fed OA control after weeks of feeding p .
. Liver weight was significantly lower in rats fed OA Buna than in those fed OA control.
2. Serum and hepatic lipid levels
The concentrations of serum lipids are shown in Fig. . No statistical differences in TG concentrations were observed among the groups. Serum TC, HDL C, and PL concentrations were all significantly lower in the rats fed Buna than in the rats fed control; these concentrations were also lower in the rats fed OA control than in the rats fed OA Buna. On the other hand, as shown in Fig. , in both the OA free and enriched groups, hepatic TL, TG, and TC contents of the Bunashimeji group were significantly lower than those of the control group. Although, significant differences in Hepatic PL contents were not observed between the rats fed Buna and control, the content were significantly lower in the rats fed OA Buna than in the rats fed OA control.
Messenger RNA levels of liver enzymes
The mRNA abundances of ACC and DGAT of the Buna were significantly lower than those of the control, whereas no significant difference in hepatic mRNA levels of G PD and malic was observed between the Buna and the SD rats were fed with different experimental diets for weeks. Values are mean SEM n = .
B.W. denotes body weight.
The a, b, and c, values in the same row without common superscript letters denote significant difference p . 
4. Fecal dry weight and fecal total bile acids
In both the OA free and enriched groups, fecal dr y weights of the Bunashimeji group were significantly lower than that in the control group. Bile acid excretion was significantly higher in the rats fed OA Buna than in the rats fed OA control, but no significant dif ference was observed in bile acid between the control and the Buna Fig.   . 
Discussion
In previous studies, we have demonstrated positive effects of Bunashimeji Hypsizigus marmoreus on lipid metabolism however, the detailed mechanisms of these effects have not been defined. The aim of this study was to examine the suppressive action of Bunashimeji on triacylglycerol accumulation in the livers of the rats given orotic acid.
It is known that orotic acid is a common component of The final liver weight was lower in the OA Buna than in the OA control, although no significant difference in food intake between groups was obser ved. In contrast, the food intake in the Buna group was significantly lower than that in the control group; however, no significant difference in liver weight between groups was observed.
Kawagishi et al. identified a lectin as a food-intake-suppressing substance in Hiratake Pleurotus ostreatus . On the other hand, in both the OA free groups and enriched groups, hepatic TL and TG contents of the Bunashimeji group were significantly lower than those of the control group.
To confirm the result obtained with hepatic TG level, we analyzed the mRNA levels of various fatty acid synthesis enzymes by northern-blot hybridization using specific cDNA probes.
The mRNA abundances of Malic were significantly increased in rats fed OA. G PD also tended to be enhanced by supplementation with OA. However, feeding of Bunashimeji eliminated these OA-induced increases. In the OA free group, the mRNA abundances of ACC and DGAT of the Buna were significantly lower than those of the control.
In the present study, dietary Bunashimeji counteracted both the hepatomegaly and hepatic steatosis that occurred in the control and the OA control rats. In the OA free group, the alleviation of hepatic steatosis in Bunashimeji-fed rats may be due in part to the suppression of ACC mRNA expression, a key enzyme of fatty acid synthesis, and DGAT mRNA expression, an important factor for lipoprotein secretion, in the liver. On the other hand, in the OA-enriched group, the alleviation of hepatic steatosis in Bunashimeji-fed rats may be due in part to the suppression of Malic mRNA expression and tendency to suppression of G PD and ACC mRNA expression, key enzymes of fatty acid synthesis, in the liver.
In this study, we demonstrated that a lipid metabolism pathway of Bunashimeji by a meal showed a significant difference. These results indicated that the regulation and accumulation of hepatic lipid synthesis, mainly triacylglycerols, strongly suggests that Bunashimeji alleviated the onset of fatty liver, and also suppressed the onset of OAinduced fatty liver.
In addition, in OA free group, serum lipid decreased significantly in the Bunasimeji group. It is well known that dietary fiber obstructs absorption of cholesterol and bile acid in the small intestine. However, bile acid excretion in the Bunashimeji group was shown to be lower. Thus, in this context, it is possible, as was concluded in a report by Fukushima et al , to assume that mushroom fiber increased LDL receptor mRNA expression in rats.
Our study provides evidence that Bunasimeji, a popular edible mushroom in Japan, is effective for lipid metabolism improvement. 
